BACKGROUND AND OBJECTIVES
Tryptamine is a monoamine alkaloid structurally similar to tryptophan (an amino acid) and found in various plants, fungi, and the mammalian brain in trace amounts. 1 Naturally occurring tryptamines such as N,N-dimethyltryptamine (DMT), found in Psychotria viridis leaves and commonly used to make ayahuasca, have long been exploited by indigenous Amazonian tribes for their capacity to produce profound psychedelic and hallucinogenic effects. 2 More recently, ceremonial use of psychedelic concoctions, including ayahuasca, have gained popularity in the United States (US) for reasons such as perceived natural healing or personal and spiritual growth, and religious sacrament. [3] [4] [5] While synthetic versions of DMT and other psychedelic tryptamines such as a-methyltryptamine (AMT) also exist and have been used for over half a century, dozens of newer tryptamines have been discovered and continue to be discovered. 1, 6 Indeed, it appears that many of these tryptamines (eg, 5-MeO-DMT, 4-AcO-DMT) have emerged or re-emerged in the recreational drug space as the next-generation drugs projected to grow in popularity alongside more common psychedelics such as LSD. 7, 8 While naturally occurring tryptamines are also available as dried or brewed mushrooms for oral ingestion, 1 synthetic derivatives are typically sold in tablet or powder form, and can be consumed by inhalation (smoking), ingestion (swallowing), insufflation (snorting), or intravenous injection. 7, 9, 10 Most tryptamines and their derivatives are classified as Schedule I drugs in the US, 11 though legislation protecting the religious use of ayahuasca was implemented in 2006 under the Religious Freedom Restoration Act. 12 Recent evidence suggests that the popularity of psychedelic tryptamines is on the rise. For example, previous reports focusing on use of new psychoactive substances (NPS) and other uncommon substances found that DMT and other tryptamines are common among NPS users in nationally representative samples, 13 as well as high-risk drug-using populations such as nightclub attendees in the US. 14, 15 Similarly, data derived from the Global Drug Survey, a selfselected online sample, showed that a larger proportion (24%) of DMT users in 2012 were identified as new users (measured by the ratio of users for whom DMT was the last new drug used versus those who reported lifetime DMT use) when compared to users of other drugs with psychedelic effects (ie, ketamine, LSD, magic mushrooms [psilocybin]), which may be indicative of increasing prevalence. 16 Furthermore, survey respondents reported DMT as having the most desirable effect profile of the four psychedelics queried, largely attributable to a rapid onset of action and low levels of reported negative effects while high. More generally, the wide availability of and ease of access to tryptamines on the internet, and among specific populations (eg, individuals who frequent raves or nightclubs), may have further facilitated the re-emergence in popularity of psychedelic tryptamines. 7, 17, 18 Anecdotal evidence from mainstream media outlets has also often alluded to the growing popularity of DMT. 19, 20 Despite growing popularity, the epidemiologic literature on psychedelic tryptamines is currently scant, and little is known about prevalence and correlates of use as it pertains to the American population. The aforementioned study based on the Global Drug Survey, taken mainly by individuals who use drugs, estimated that lifetime and past-year prevalence of DMT use in 2012 were 8.9% and 5%, respectively, 16 but these findings are not necessarily representative of the US population nor generalizable to the overall population. In the US, there were over 10,500 total seizures of tryptamines between 2011 and 2015, though the annual number of seizures has decreased from 4,046 in 2011 to 1,066 in 2015. 21 However, seizure data typically cannot be used to adequately estimate prevalence of use. Data based on hospitalizations and poisonings related to tryptamines are also scant and similarly limited in their capacity to estimate use, though one recent study noted a significant increase in ayahuasca-related calls to poison centers throughout the US between 2005 and 2015. 22 In short, seizure data and data from self-reports via convenience samples are informative but limited. Data on selfreported use from a repeated cross-sectional representative survey of adults would better allow us to estimate trends in prevalence of use and detect groups who are more or less likely to use. Accordingly, this study examines trends in use of tryptamines in nationally representative samples of young adults in the US to help address a dearth in research and ensure that those most likely to use can be adequately targeted by providing information about this expanding group of psychedelic substances.
METHODS

Procedure
The National Survey on Drug Use and Health (NSDUH) is a nationally representative cross-sectional survey of noninstitutionalized individuals ages 12 and older in the 50 US states and the District of Columbia every year. The sampling frame is obtained via four stages. Surveys are administered via computer-assisted interviewing conducted by an interviewer, and audio computer-assisted self-interviewing is utilized to increase honest reporting. Sample weights were provided by NSDUH to address unit-and individual-level non-response and to produce nationally representative estimates. Additional methodology of this study can be found elsewhere. 23 We focused on data from the last eight available cohorts (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) 
Measures
Past-year use of DMT and other tryptamines was queried via a single item including three tryptamines. Specifically, participants were asked, "Have you ever, even once, used any of the following: DMT, also called dimethyltryptamine, AMT, also called alpha-methyltryptamine, or Foxy, also called 5-MeO-DIPT?" Those answering affirmatively were then asked, "Earlier, the computer recorded that you have used DMT, AMT, or Foxy. How long has it been since you last used any of these drugs?" Answer options were "Within the past 30 days," "More than 30 days ago, but within the past 12 months," and "More than 12 months ago." Responses were coded to indicate whether past-year use was reported. Participants were also asked about lifetime and past-year use of cannabis, cocaine, LSD, ecstasy, ketamine, heroin, and nonmedical use of opioids. Participants were also asked if they ever used psilocybin (mushrooms), peyote, or mescaline in their lifetime. While these drug use variables were all examined as binary variables, we also computed count variables indicating number of other drugs reportedly used in one's lifetime and in the past year. With regard to demographic characteristics, participants were asked their sex, race/ ethnicity, education, and annual family income.
Analyses
Prevalence of past-year use of DMT and other tryptamines over time was first estimated. Similar to previous epidemiologic studies, 24, 25 While trends were the main focus of this analysis, we also examined overall correlates of past-year use while controlling for secular trends and/or cohort effects (utilizing aggregated data for all cohorts). We first computed unadjusted odds ratios (ORs) for each covariate and then fit all covariates into two multivariable logistic regression models. The first model contained all demographic covariates plus variables indicating lifetime use (ever-use) of the ten other drugs. The second model contained all demographic covariates plus variables indicating past-year use of seven other drugs. Past-year use was not queried for psilocybin, peyote, or mescaline, which is why these three drugs could not be included in the second model. These two models produced adjusted ORs (aORs) for each covariate which represent the odds with all else being equal. We confirmed that multicollinearity was not present in these multivariable models with no covariate reaching a variance inflation factor of 2.0. Since typtamine use in relation to use of other drugs was a major focus of this study, we also examined descriptive statistics for the sum variables indicating number of other drugs used in one's lifetime and in the past year. Specifically, we estimated the prevalence of tryptamine use among those reporting no lifetime or past-year other drug use, and we examined measures of central tendency (ie, mean, median, mode) to describe the average number of other drugs reportedly used.
Analyses were weighted to account for the complex survey design. Since data were used from eight cohorts, survey weights were divided by eight to obtain nationally representative estimates. Data were analyzed using Stata 13 SE (StataCorp LP, 2013, College Station, TX), and Taylor series estimation methods were used to provide accurate standard errors. 26 This secondary analysis was exempt for review by the New York University Langone Medical Center Institutional Review Board.
RESULTS
There was a linear increase in prevalence of DMT and other tryptamine use from .2% in 2007/08 to .7% in 2013/14, a 273% relative increase (p < .001). Table 1 presents differences over time and trends in prevalence stratified by each level of each covariate. Prevalence within all levels of sex, race/ethnicity, education, and family income significantly increased over time. While prevalence among females increased 539.1% from .0% to .3% (p < .001), males experienced a 232.3% increase in prevalence from .3% to 1.1% (p < .001). Among individuals of each race/ethnicity, prevalence at least doubled (ps < .05), and white individuals are estimated to have had the highest prevalence of all races in 2013/14 at .9%. Individuals with less than a college degree reported higher prevalence of use in 2013/14 than those with a college degree, but prevalence did increase 517.6% over time among those with at least a college degree (p ¼ .019). Prevalence also more than doubled among individuals earning less than or more than $20,000 per year.
Prevalence of DMT and other tryptamine use significantly increased across time among lifetime and past-year users of cannabis, cocaine, LSD, ecstasy, and opioids (ps < .01). Of note, prevalence increased among past-year LSD users from 7.0% to 15.5% (p ¼ .001), and prevalence increased among past-year ecstasy users from 2.1% to 10.0% (p < .001). Although prevalence of past-year use did not increase significantly in a linear manner, it should be noted that almost three out of ten (28.2%) past-year ketamine users are estimated to have used DMT or other tryptamines in 2013/14. Prevalence of use did increase, however, among lifetime ketamine users (p < .001) and among lifetime heroin users (p ¼ .010). Prevalence also increased exponentially among lifetime users of psilocybin, peyote, and mescaline (ps < .01). Specifically, DMT and other tryptamine use increased from 1.2% to 6.0% among psilocybin users, from 2.5% to 11.2% among peyote users, and from 3.3% to 15.9% among mescaline users.
As shown in Table 2 , females were consistently at less than half the odds of males for reporting tryptamine use, and those a college degree or higher were consistently at about half the odds of reporting use compared to those with less than a high school education. Individuals identifying as black and those with an annual family income of >$20,000 also tended to be at low odds for reporting use. With regard to lifetime and pastyear use of other drugs, each drug was associated with robust increases in odds of reporting tryptamine use. In the multivariable models, with all else being equal, lifetime use of marijuana, LSD, ecstasy, ketamine, psilocybin, and mescaline were all associated with increased odds of reporting tryptamine use; however, lifetime use of cocaine, heroin, peyote, and nonmedical use of opioids lost significance. With regard to past-year use of other drugs, use of marijuana, LSD, ecstasy, ketamine, heroin, and nonmedical use of opioids remained significant correlates of tryptamine use. Past-year cocaine use, however, was no longer significant in the model. 
DISCUSSION
DMT and other tryptamines appear to have emerged or reemerged in recent years, and there is a general sense that their popularity will continue to grow, 7, 16, 19 though no previous studies have examined trends in prevalence of use among the general American population. In this study, we examined overall prevalence and correlates of use of DMT and other tryptamines in representative samples of young adults in the US from 2007/08 through 2013/14. We estimate that the prevalence of use of DMT and other tryptamines has increased in linear fashion between 2007/08 and 2013/14, more than tripling from .2% to .7%.
While we determined that prevalence increased across all demographic groups, prevalence across each demographic group was still relatively rare. The only exception was that 1.1% of males are currently estimated to be users. Other studies have also previously reported that tryptamine users are significantly more likely to be male, 14, 27 and findings from a previous study indicated that males are more likely than females to be exposed to or hospitalized from use of tryptamines. 28 While we also found that the majority of tryptamine users each year were male, it is worth noting that prevalence of use among female users actually increased by more than fivefold, suggesting that females may be "catching up" to males. With regard to socioeconomic status and race/ethnicity, a notably large increase in prevalence occurred among those with a college degree. However, college-educated individuals are still less likely to use than individuals with lower levels of education. Another study focusing on NSDUH data found that individuals who had ever used a psychedelic tended to be more educated than those who had never used a psychedelic; 29 however, the differences in that study appear to have been driven by those who had only attended some college. Prevalence of use also more than doubled among those in both family income groups and across all race/ethnicity categories. However, black individuals and those with family income of >$20,000 per year are still less likely to use tryptamines (than white individuals and those of lower income, respectively) despite large relative increases in prevalence over time. As tryptamine use continues to grow in popularity, more research is needed to determine how demographic and socioeconomic factors relate to use in order to better target education or safety measures for those most likely to use. The most robust and consistent finding in this study was that tryptamine use tends to be highly prevalent among individuals who use other drugs. Prevalence of tryptamine use increased over time in particular among individuals who use cannabis, cocaine, LSD, ecstasy, and/or opioids. However, with all else being equal, cocaine, heroin, and nonmedical opioid use were not as strongly related to use as drugs that are psychedelic or hallucinogenic in nature. Previous studies have also suggested that tryptamine use is significantly more likely among users of other drugs, 27 especially psychedelics. 30, 31 For example, among lifetime tryptamine users, it has been estimated that four out of five (80.5%) have used ecstasy, and three out of four (76.1%) have used LSD. 13 Our results also show that the prevalence of tryptamine use among individuals who reported using LSD in the past year more than doubled to nearly 16%, and quintupled to 10% among pastyear ecstasy users. Prevalence also increased exponentially among individuals who reported ever using psilocybin, peyote, or mescaline, which are psychoactive hallucinogenic compounds found in various species of mushrooms or cacti. 32 With regard to polydrug use, we estimate that use of multiple drugs is so common among tryptamine users that only .04% of tryptamine users have not engaged in lifetime use any of the other drugs examined, and only 1.9% of tryptamine users have not engaged in past-year use of any of the other drugs examined. Tryptamine users, on average, used six other drugs in their lifetime and 2-3 other drugs in the past year. Thus, we confirm that tryptamine use is strongly linked to use of other drugs and that individuals who have not used (multiple) other drugs appears to be rare. In summary, while prevalence of tryptamine use is increasing across demographic groups, tryptamine use is becoming particularly prevalent among individuals who use other drugs, suggesting that DMT and/or other tryptamines is increasingly being added individuals' drug repertoires. Therefore, we believe that researchers could target individuals who use other drugs, particularly those who use traditional psychedelics, in order to acquire a more indepth knowledge about current use of psychedelic tryptamines -especially newly emergent analogs about which both users and researchers alike often know very little.
Furthermore, tracking trends in use remains important, in part, because relatively little is definitively known about the potential dangers or extent of harm stemming from frequent or long-term tryptamine use, with current evidence largely being limited to case studies or reports from poison centers. 1 For example, although ritualistic ayahuasca use has typically been reported as safe and free from major adverse effects, 33 the number of ayahuasca-related calls to poison centers in the US over the past decade has been rising, 22 with commonly cited clinical effects including tachycardia, hypertension, and mydriasis. And, although rare, 5% or less of the cases involved endotracheal intubation, seizures, cardiac arrest, and respiratory arrest. 22 Synthetic tryptamines such as Foxy have also been associated with toxicity and hospitalizations and are generally regarded as being less safe than plant-derived tryptamines. 34 In addition, it is well-known that individuals who use multiple drugs concomitantly are at often at risk for more adverse health outcomes, including overdose. 35 While current (past-month) use was not examined in this study, results suggest that concomitant use of tryptamines with other drugs may be occurring among some individuals, which may place such users at higher risk for experiencing adverse outcomes. Consequently, the rise in tryptamine use among this population warrants additional monitoring and surveillance, especially as novel tryptamines continue to emerge.
Limitations
NSDUH only surveyed individuals living in households and non-institutionalized group quarters (eg, dormitories, shelters) and from civilians residing at military bases. Homeless individuals who do not use shelters are excluded, as are military personnel on active duty, and residents of institutional group quarters, such as hospitals and jails. Consequently, exclusion of certain populations may affect the generalizability of results. Prevalence was rare so we had to pair years for analyses in order to increase power. NSDUH changed wording (and order) of some questions in 2015 so we did not include more recent cohorts in order to maintain consistency across questions. NSDUH only queried tryptamine use via a single item asking about use of three different compounds. While most tryptamine use is likely in fact DMT, dozens of other tryptamines are available and thus overall tryptamine use in the population is likely slightly underestimated.
Ayahuasca was not specifically mentioned or queried in any NSDUH questions so we believe exposure to DMT via ayahuasca is likely underreported. We believe the majority of self-reported DMT use relates to use of synthetic DMT as the survey did not specifically ask about ayahuasca use. We therefore strongly caution interpretation of these trends as they may not be generalizable to individuals who have used ayahuasca, but have not used synthetic DMT. Finally, we limited our analyses to adults ages 18-25 because use among younger and older age groups pre-defined by NSDUH was too rare to examine. We do not believe limiting analyses to young adults limited our findings because previous research has determined that the mean age of those exposed to or hospitalized from use of tryptamines is 19, with nearly nine out of ten poisonings occurring among individuals younger than age 21. 28 Thus, we believe our analyses focused on the most relevant age group; however, more research is indeed needed to focus on other age groups as well as prevalence of use increases.
CONCLUSION AND SCIENTIFIC SIGNIFICANCE
While tryptamine use is not highly prevalent in the general young adult population, prevalence is increasing. In particular, individuals who use various other drugs report high prevalence of past-year psychedelic tryptamine use. Since concomitant use of drugs can place individuals at increased risk for experiencing adverse outcomes, individuals who use other drugs should be educated on the importance of avoiding combining other drugs with various tryptamines. Further research is also needed to determine whether popularity of use of DMT and other tryptamines is related to the recent increase in popularity of ayahuasca in the US. Ayahuasca is increasingly promoted online and in the media, while ayahuasca retreats and local plant medicine ceremonies are becoming more commonplace in the US. We believe that users and potential users of any synthetic tryptamine or natural tryptamine-containing concoction should be educated about the drug effects being dependent on the drug, user mindset, and environment, and that users should ensure that they limit or appropriately gauge their doses, avoid co-use of other drugs, avoid adulterants or potential drug replacements, and limit use to safe environments. Continuing to track patterns of use of newly emerging or re-emerging drugs such as tryptamines is important in order to inform prevention, safe use, or harm reduction where necessary.
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